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HOUSE No. 1906

By Mr. Kiernan of Lowell, petition of Cornelius F. Kiernan that the Department
of Public Works be authorized to study relative to the location of a bridge over the
Merrimack River in the city of Lowell. Highways and Motor Vehicles.

In the Year One Thousand Nine Hundred and Fifty-Eight.

Resolve authorizing and directing the department op public

WORKS TO MAKE A STUDY AND SURVEY OF THE MOST FEASIBLE ROUTE
AND LOCATION OP A BRIDGE IN THE CITY OF LOWELL, AND ADDITIONAL
MATTERS RELATING THERETO.

1 Resolved, That the department of public works is hereby authorized
2 and directed to make a study and survey in order to determine the
3 most feasible route and location for a bridge across the Merrimack
4 river in the city of Lowell and suitable approaches thereto connecting
o with the relocated Route 3, and the Pawtucket boulevard, so called,
6 on the north side of said river. Said department shall report to the
7 general court the results of its study and survey and its recommenda-
-8 tions, if any, by filing the same with the clerk of the house of repre-
-9 sentatives on or before the first Wednesday of December in the current
10 year.

Cf)t Commontocaltf) of opassacfnisetts
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Department of Public Works,
Office of the Commissioner,

100 Nashua Street, Boston 14, December 3. 1958.

Clerk, House of Representatives , State House, Boston , Massachusetts.
Dear Sir:- In accordance with chapter 72, Resolves of 1958,

House Bill No. 1906, states that the Department of Public Works
shall report to the General Court the results of studies and surveys
and recommendations of the most feasible route and the location
of a bridge in the city of Lowell. Said report to be filed with the
Clerk of the House of Representatives on or before the first Wednes-
day of December in the current year.

Attached, herewith, is my submission of this report

Very truly yours,

ANTHONY N. DiNATALE,

Oc Commontuealtb of QUassacJjusetts

Commissioner.



SPECIAL REPORT OF THE DEPARTMENT OF PUBLIC
WORKS RELATIVE TO THE MOST FEASIBLE
LOCATION FOR A BRIDGE ACROSS THE MERRI-
MACK RIVER IN THE CITY OF LOWELL.

Study in Lowell
The Department of Public Works has been directed to make a

study of the most feasible route and location of a bridge over the
Merrimack River in Lowell with suitable approaches connecting
relocated Route 3 and Pawtucket Boulevard. (House Bill, No.
1906.)

A field study was made to select a feasible route for a new bridge
and approaches. Two possible locations were noted and are shown
on the enclosed plans as lines “A” and “B”.

Line “A” would begin in the vicinity of the driving range at
Pawtucket Boulevard. There would be a minor directional at this
point with a single bridge over Pawtucket Boulevard eliminating
cross traffic. The southerly end of the proposed bridge over the
Merrimack River would be just west of an industrial building and
about 1,000 feet east of the Chelmsford town line. The proposed
road would bridge the railroad, Middlesex Street and Princeton
Street and Westford Street. Parallel ramps to service the local
area could be placed at either Middlesex Street or Princeton Street
(existing Route 3A). After crossing Princeton Street about 200
feet east of Dingwell Street line "A” would run southeasterly to
the intersection of Stedman Street and Route 3. The connection
to Route 3 would be accomplished by using the existing bridge at
Stedman Street. A ramp in the northeast quadrant and a circular
ramp in the southwest quadrant would reduce cross traffic to a
minimum.

Line “B”, the second feasible route, would be west of the Meyer
Company, crossing Middlesex Street between Webber Street and
East Alder Street. This proposed road would bridge the railroad,
Middlesex Street, Princeton Street and go under Westford Street
between Pine Street and Gertrude Avenue. Parallel ramps to serv-

Ci)c Commontoealtf) of Cgassaclniscrts
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ice the local area could be placed at Princeton Street or Westford
Street. After crossing Westford Street, line “B” would continue
southerly between Staple Street and Westview Street, and then
along the easterly side of the Mount Pleasant Golf Club to the re-
located Route 3. The southerly connection would require a bridge
over both roadways of Route 3. This line requires an additional
bridge and takes about twenty (20) homes increasing the total cost
over line “A” by $740,000. According to the traffic engineer’s
letter submitted in this report, there is no appreciable difference in
the traffic pattern and the volumes shown may be applied to either
line. As a result of the added cost, while giving no more service,
the alternate line “B” was eliminated and this study will be con-
fined to only one proposed location (Line “A”).

Cost Estimate,

Line A.
Roadway (including Grading and Drainage; 5500,000
Ramp Connections at Pawtucket Boulevard 105,000
Bridge over Pawtucket Boulevard 100,000
Bridge over Merrimack River and Railroad 1,900,000
Bridge over Middlesex Street 100,000
Bridge over Princeton Street 100,000

Total 52,805,000
Right of Way 100,000

Grand Total 52,905,000

Line B.
Roadway (including Grading and Drainage) $515,000
Ramp Connections at Pawtucket Boulevard 105,000
Bridge over Pawtucket Boulevard 100,000
Bridge over Merrimack River and Railroad 2,120,000
Bridge over Middlesex Street 100,000
Bridge over Princeton Street 100,000
Bridge under Westford Street 100,000
Bridge over Route 3 125,000

Total $3,265,000
Right of Way 380,000

Grand Total $3,645,000
For a number of years this Department has recognized the need

for new highway facilities and the improvement of existing facilities
in the Lowell, Lawrence and Haverhill Areas.



Connection between Route-3 and Pawtucket Boulevard

Pawtucket Blvd

Route-3A

DIAGRAM "B"

LOWELL

1980 A.D.T.
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The first steps to determine these needs were undertaken in 1954,
in the form of an Origin and Destination Traffic Survey. The re-
sults of this survey were analyzed and are contained in a Plan of
Master Highways for the Lowell, Lawrence and Haverhill Metro-
politan Area, published by the Department in May of 1956.

The report on the Master Highway Plan was prepared by the
firm of Edwards, Kelcey & Beck, Consulting Engineers. Portions
of this Master Highway Plan are contained in this report to the
Legislature.

An analysis of the traffic as shown in Figure 2 in this report shows
that a very small percentage of traffic in the Lowell Area is by-
passable traffic and more than 90 per cent of the traffic has its destin-
ation within the city of Lowell itself.

The destinations are principally in the area around Kearney
Square and the area between School Street, Chelmsford Street and
Westford Street. The traffic destination for these two areas, plus
the internal traffic within the city itself, is the cause for the traffic
congestion in the city of Lowell.

In order that conditions might be improved the Master Highway
Plan for the city of Lowell calls for a Route 110 By-pass of the
City, plus a so-called Lowell Connector. These two improvements
first would move much of the bjr-passable traffic from local streets
and in the case of the Lowell Connector would carry traffic over an
expressway close to the destination of a large number of vehicles,
thus reducing traffic on the local streets.

The Master Highway Plan also recommended certain local im-
provements within the city, thus providing a by-pass for congested
intersections and the widening of certain streets to alleviate the
congestion on those streets.

These local street improvements are shown on Figures 29-36,
inclusive, with a Master Plan for the proposed improvements in the
Lowell area in Figure 37.

A traffic assignment for the highway studied, as outlined in House
Bill No. 1906, shows that the traffic on either Line “A” or Line “B”
would be about the same; that is, 9,700 cars per day is estimated
to be the average daily traffic for 1980 for the section between
Route 3 and Route 3A. And 5,400 cars per day is estimated to be
the average daily traffic for 1980 for the section between Route 3A
and Pawtucket Boulevard.

As most of the traffic has its destination in the two areas as out-
lined above, the highway, as outlined in this report, would have



HOUSE No. 2732 [Mar.8

little or no effect on the congestion within the business center of
Lowell.

To determine whether or not the highway is economically sound a
study is included in this report of the Road User Benefit Ratio.
The results of this analysis show that the cost of the highway would
not be justified for the small volume of traffic estimated to use the
highway in 1980.
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Department of Public Works,
November 21, 1958

In reply to your request of October 27, 1958, for Traffic Volumes
on a proposed connection from Pawtucket Boulevard, north of the
Merrimack River, to Route 3 at the Lowell-Chelmsford Town
Line, I am submitting the attached sketch showing the estimated
1980 A.D.T. for this connection. Since the locations of Line “A”
and Line “B” are so close there is no appreciable difference in the
traffic pattern and the volumes shown may be applied to either line.

Cftc CommontoealtJ) of £©asoacfnisetts

BERNARD B. TWOMBLY,
Traffic Engineer.
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An economy study must first answer the question: “Why do it
at all?” In other words, does the proposed improvement repre-
sent an attractive investment when compared to other possible
uses of available funds? Where there is only one plan for a par-
ticular improvement, a favorable answer clearly indicates that the
project is desirable.

Engineering economy can be ascertained by four methods of
procedure.

1. Annual cost
2. Comparison of the worth of all present and future expenditures.
3. Rate of return.
4. Benefit-Cost Ratio.

For most situations the results of any of the four methods, prop-
erly interpreted, lead to sound economic decisions.

A comprehensive treatise of the Benefit-Cost Ratio has been
tentatively approved by the Committee on Planning and Design
Policies. This group represents the American Association of State
Highway Officials.

This report uses the Benefit-Cost Ratio method for analysis.

FOREWORD.
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In the planning and design of highways there is increasing need
for analysis to indicate justification of the expenditure required and
the comparative worth of proposed improvements, particularly when
comparing likely alternates. A survey early in 1945 of the extent
and forms of economic analysis used by the various state highway
departments disclosed a variety of opinions concerning the desir-
able field of use and a definite lack of similarity in procedures. Ac-
cordingly, it was deemed desirable to review the whole field, to de-
velop a detailed but simple method of analysis, to prepare values
for general use in convenient tabular or chart form, and to demon-
strate the use of the method and values in typical examples.

From the very beginning of highway construction, the economic
aspects of the engineering problems have been recognized. The ad-
ministrative engineer was forced to make decisions of an economic
nature in considering alternates for the expenditure of road funds.
He frequently had to choose between an improvement of limited
length of a high type as compared to a longer improvement of lower
order. The basic need for mileage generally resulted in a decision
for the latter. In recent years, with substantial systems established
and improved to some degree, the administrator has been confronted
with the need for indicating project priority in expenditure of still
limited funds to further improve or replace portions of the system.
Decisions of this character obviously require comparison of all
features of logical alternate projects. The “Economics of Highway
Planning”, Technical Bulletin No. 7 of the Oregon State Highway
Department, 1937, was one of the earliest treatises relating cost of
improvement and highway user costs and was the first compre-
hensive treatise outlining a method that utilized benefit quotients
in comparing alternates for a highway improvement.

The tenet that a profit should be returned on an investment ap-
plies equally as well to highway projects as to general business ven-
tures. It is unthinkable to enter a business venture with only an
estimate as to the initial cost. An estimate as to the continuing

A REPORT ON ROAD USER BENEFIT ANALYSIS FOR
HIGHWAY IMPROVEMENTS.

Introduction.
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cost with an appraisal of the amount of profit to be made is equally
essential. For example, it would be ridiculous for a railroad com-
pany in conducting business to consider only the cost of the roadbed
and its upkeep. Any analysis of railroad costs necessarily includes
the cost of operation, maintenance and depreciation of its rolling
stock. In the same sense, the total cost of any highway improve-
ment is the cost to improve and maintain the highway and to oper-
ate all the vehicles thereon. Thus, the planning and design of a
highway, particularly the selection of the route and choice between
alternates, can best be done, or have decisions aided, by calculating
the costs of vehicle operation, accidents, maintenance, time, etc.,
in addition to calculating initial costs. These establish the economic
desirability of any highway improvement.

In the absence of data other than initial costs highway adminis-
trators have tended to make their analytical comparisons in terms
of first cost and maintenance costs only. Methods of including
vehicle operating costs and value of time in economic analysis and
numerical values for them are particularly needed.

Even a century ago the professional highway engineer recognized
these problems. To quote: “A minimum of expense is, of course,
highly desirable, but the road which is truly cheapest is not the one
which has cost the least money, but the one which makes the most
profitable returns in proportion to the amount which has been
expended upon it.” To this end economic analyses are essential
parts of planning and design of highway facilities.

In an over-all study of highway economics consideration should
be given to seven principal items or factors:

(a) Solvency of a system or group of systems of highways
(6) Land and community benefits from highways and their im-

provements ;

(c) Costs of construction or improvement of highway
(d) Costs of maintenance and operation of highways and appur-

tenances ;

(e) Direct benefits to road users in the form of reduced vehicle
operating costs and saving in time on improved highways;

(/) Benefits to road users in the form of increased comfort and
convenience; and

(g) Benefits to road users in the form of over-all accident reduc-
tion.

It is possible to treat items (c), (d), (e) and (/) in detail. Because
of the character of items (a), ( b) and (g) and the general absence
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of specific values of accepted accuracy, it is not possible to enumer-
ate usable values for these factors despite their importance. Even
though usable data for some factors are either not available, or
cannot be summarized into usable form, it is in order to indicate
the significance of each factor.

Item (a)

The item of system solvency 1 is applicable largely to consideration
of a system or a group of state systems of highways. Some portions
of any highway system will result in revenues well in excess of the
continuing costs for that portion, but on others the revenue will
not equal the costs. It should not be inferred that an insolvent
route should be closed or that a proposed route which obviously
will be insolvent should not be developed. The practice of using the
excess revenues of some roads to make up for insufficient revenues
on others is time-honored. System solvency is dependent upon an
over-all balance and may include recognized subsidy for a part of
the system.

Any degree of highway congestion generally results in inefficient
motor vehicle operation from which the immediate indirect revenues
through motor fuel taxes might be considerable. Regardless of
revenue the proper long-range function of a highway administrator
is to eliminate congestion, not to perpetuate it. Some highway
improvements, such as shortening of a route, may result initially
in somewhat lower motor fuel revenues but administrators are fully
aware that such results from improvements are more than offset
by increased motor vehicle usage. Yet the revenues for a system
as a whole must meet all financial obligations or a State is operating
its highway system at a deficit. This phase of the highway economy
should be given full consideration and the subject is worthy of a
separate treatise but it is not deemed necessary to treat it further
in this discussion.

Item (6)

The item of land and community benefits is deserving of a greater
amount of attention than has been previously accorded it or is
possible herein. Standardized procedures for evaluating other than
the immediate physical development or possible damage have not
been derived. For instance, the damage done to concerns whose
volume of business depends upon the proximity of traffic, when

1 Solvency. A condition where receipts are equal to or greater than total costs.
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the route is relocated away from their property, is not only difficult
of analysis but the problem is very large in scope. Likewise, the
benefits of newer and better developments, either residential or
commercial, that are likely to be made subsequent to a highway
improvement are difficult to evaluate. One practical approach is a
study of the “before” and “after” tax collections. These are
extensive long-time studies and the present data on them are meager.

In less specific terms, it is commonly recognized that a major
highway improvement produces a community gain substantially
more than that directly measurable from the vehicle that may use it.
In rural areas, new sections may be opened for agricultural expan-
sion; community social, protective and welfare gains may soon be
evident; and recreational areas hitherto inaccessible may be
brought within reach. In urban areas the fire and police protection
may be expedited, travel to and from schools or civic centers may
be made easier, or the industrial and commercial activities may gain
in stability and extent through improved transportation. Without
question, there is a land and community benefit through improved
highways. But except for lump-sum estimates, the whole field
is void of direct, practical means for evaluation. A complete
economic analysis should include these broad and intangible bene-
fits. At present, it is only possible to note the desirability of includ-
ing such benefits; the means and methods have not been determined.

Item (g) -

Similarly there are other benefits from new and improved highway
facilities besides those covered herein as the difference in road-user
costs. A reduction in accidents forms a valuable increment of bene-
fit yet specific values properly related to the design elements of the
highway are not available. In the long run the benefits from in-
creased safety may appear, in part at least, as a reduction in auto-
mobile insurance rates. But even so, the evaluation of accident
reduction remains a field only slightly explored. If means can be
developed to evaluate these benefits for any highway improvement,
they can become an essential part in the calculation of benefit
ratios. Again, only the desirability of doing so can be noted; the
method or values remain to be established.
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A road-user benefit analysis for highway improvements is a com-
parison of annual costs of alternates. For each alternate the annual
road-user costs and the annual cost of improving, maintaining and
operating that portion of the highway are determined for a selected
period of time. Then the alternates are compared arithmetically to
express a benefit ratio or quotient of the cost differences as follows:

„ ... „.. Benefits Difference in Road-User Costs R-R, Formula 1Benefit Ratio = = = '

Costs Difference in Highway Costs H,-H
In the simplest analysis one alternate is the proposed improvement

and the other a basic condition, usually the existing highway. The
benefit ratio then indicates the return in the form of road-user
benefits on the investment for the improvement, a ratio of one
indicating that the annual difference or saving in road-user cost is
just equal to the annual cost of the improvement, maintenance and
operation of the highway. To make analysis for two or more alter-
nates of highway improvement a benefit ratio is calculated for each
alternate compared to the basic condition. The indices for the
several alternates indicate their relative merit as regards road-user
benefits.

The annual road-user cost is the total of a computed vehicle
operating cost and annual time cost. The highway improvement is
divided into as many sections as there are significant variations in
the major analysis elements. Summation of these sectional vehicle
operating and time costs gives the annual road-user cost for that
highway alternate. Road-user costs include all traffic directly in-
volved or affected by the improvement. One alternate may include
road-user costs for vehicles operating on a new or improved route
and also those continuing to operate on one or more parallel or
connecting routes on which the traffic flow is affected by the im-
provement.

The annual highway cost is the total of the annual capital cost
and the annual cost for maintenance and operation of the highway
and its appurtenances. The annual capital cost is the annual
amount required to amortize the total highway improvement cost
plus interest. Usually separate average life values are used for
right-of-way, grading and drainage, pavement and major structures.
The annual road maintenance and operation costs are estimated
by study of actual costs for similar highways and conditions.

General Method of Analysis.
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Calculation of Benefit Ratio.
The general Formula 1 can be expressed in detail necessary for

calculation as follows:
R —R

Benefit Ratio = -

Formula 5.

Where R is the total annual road-user cost for the basic conditions,
usually the existing road,

R] is the total annual road-user cost for the improvement,
including travel on existing highways by the traffic di-
rectly involved or affected,

H is the total annual highway cost for the basic condition,
usually the existing road, and

H, is the total annual highway cost for the improvement.

The same formula is used for a second alternate by designating
the total annual road-user cost “R 2

” and the total annual highway
cost “Hi”. Similar benefit ratios are calculated for all other alter-
nates, each compared with the basic condition. By so doing the
several ratios can be compared directly as to their relative value.
A benefit ratio less than one indicates that in a road-user benefit
sense the basic condition is to be preferred over the alternate im-
provement.

There is advantage in the use of the lowest possible order of im-
provement as the basic condition. Generally the existing highway
is used as this alternate. A benefit ratio calculated by comparing
two new alternate improvements without consideration of the basic
condition is indicative only of the relative benefit of one over the
other. It does not give any index as to justification of either over
the present facility. Moreover, in comparing alternates directly
it may be difficult to avoid negative and confusing benefit ratios.
In most cases the calculation of the “R” and “H” values for an
existing facility is both direct and simple, making it a reliably
accurate base for comparison of other alternates. Where an existing
facility logically cannot be used as the basic condition, it is desirable
to use instead the lowest type of the alternates considered. The
resulting benefit ratios are indexes of the relative merits of the sev-
eral alternates in a road-user benefit sense but give no indication of
the justification of any one of them.
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Benefit-Cost Ratio Analysis.

Existing Facilities
Road-User Cost.

adt L u Daily Road-User Cost
087315,382 0.90 $1,208
11425,472 1.28 800

14,917 0.46 766.1142
2,180 0.35 871142
6,892 1.40 1,1021142

3,882 .08730.28 95
1.73 11421,941 383

.08730.621,941 105
1142 1390.631,941

,08730.28 502,032
1,016 1.73 201.1142

0.62 08731,016 55
.1142
.1142

0.63 731,016
2,032 2601.12

968 1142 1241.12
672 861.12 1142

1142672 2.09 160

Cost of Stops

$6705672 2
o 203052,032

1,941 97.051
1 05 24484

$6,085Total Daily Road-User Cost
* Total Annual Road-User Cost $6,085 X 365 = $2,221,025.

Annual Highway Cost.

Connection from Powell Street to School Street to be built. )

in existing facility(Assume new surface
stimuted Interest
Life, Cost. K and
Years. Amortization

100 $200,000 .0362 17,240
35 480,000 .05 24,000

Item.

Right of Way
Grading, Drainage, Structures, Pavement

$31,240

Maintenance (Annual Cost ?2,500/mile/lane): $2,500 X 2(l) X 8.47 = 42,350

Total Annual Highway Cost $73,590

Additional
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Benefit-Cost Ratio Analysis,

Proposed Facility Line “A”).

Road-Use a Cost.
adt l u Daily Road-User Cost

15,382 0.90 .0873 81,208
5,472 1.28 .1142 800

14,917 0,45 .1142 766
2,180 0.35 .1142 87
6,892 1.40 .1142 1,102

3,882 42608201.34
3,882 07981.00 310
3,882 8381.89 .1142
2,032 22308201.34

07982,032 2451.51
2,032 3121.70 0873

.0820968 1061.34
07981.00968 /1

990.20968 1142
08731.76672 103

27.07980.51672
15672 11420.20

Total Daily Road-User Cost
* Total Annual Road-User Cos

86,667
$6,667 X 365 = $2,433,455,

Annual Highway Cost.
Estimated Interest

Item. Life Cost. K and
Years. Amortization

Right of Way 100 $lOO,OOO .0362 $3,620
Grading, Drainage, Structures, Pavement 35 2,805,000 .05 140,250

$143,870
Maintenance (Annual Cost $2,500, mile/lane):

$2,500 X 2(l) X (8.47 + 4.61) = 65,400

$209,270* Total Annual Highway Cost

Additional
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Summary and Conclusions.

Comparison-Line “A ” and Existing Facility using Benefit-Cost Ratio
Method.

R Rj
Benefit-Cost Ratio =

H] —H
Line “A" Comparison to Existing Facility.

R = $2,221,025 = Total Annual Road-User Cost Existing Facility
Ri = $2,433,455 = Total Annual Road-User Cost Proposed Line “A’

;hway Cost Proposed Line “A
;hway Cost Existing Facility

H] = $209,270 = Total Annual Hi;
H = $73,590 = Total Annual Hi:$73,590 = Total Annual Hi:

2,221,025 ,433,455 222,430
Benefit-Cost Ratio

209,270 - 73,590 135,6b0

This negative benefit-cost ratio indicates clearly that the pro-
posed Line “A” is not justified. The road user-cost indicates this.
This road user-cost for the proposed facility should be less than the
road user-cost for the existing facility, if it has any merit. The
reason for this difference is in the distance of travel.

In accordance with chapter 72, Resolves of 1958, the Department
of Public Works, has studied the feasibility and the desirability of
constructing a bridge and highway in the city of Lowell as outlined
in House Bill No. 1906.

Studied were two feasible lines denoted in the report as Line “A”
and Line “B”.

Line “A” starting in the town of Chelmsford at an intersection
with present Route 3 and extending northerly through a section of
the town of Chelmsford and the city of Lowell, crossing the Merri-
mack River about 1,000 feet east of the Lowell-Chelmsford line, and
connecting with Pawtucket Boulevard in the city of Lowell.

id would cost $2,805,000 for con-
y damage, or a total of $2,905,000.
ir day would use this road in the
3 and present Route 3A, and that

It is estimated that such a ro
struction and $lOO,OOO for proper
It is estimated that 9,700 cars f
year 1980 between present Route
5,400 cars per day in 1980 would use the section between present
3A and Pawtucket Boulevard.

Line “B” would be entirely in the city of Lowell, starting at a

SUMMARY.



HOUSE No. 2732. [Mar.20

I

*

point on Route 3 at the northerly crossing of the old Middlesex
Canal and would continue northerly crossing Westford, Princeton
and Middlesex streets, and crossing the Merrimack River and con-
necting to the Pawtucket Boulevard in the city of Lowell.

This proposed road would cost $3,165,000 for construction and
$380,000 for property damage, or a total of $3,545,000. The esti-
mated 1980 traffic using this highway would be about the same as
that listed for location “A”.

A road-user benefit-cost ratio analysis was worked out for Line
“A”, and it was found from this benefit cost ratio analysis that
this road would be uneconomical; in other words, the cost of the
highway would not be justified for the small volume of traffic that
would use such a facility. As it is necessary for the Department to
justify proposed projects to the Federal Government on a basis of
this cost ratio analysis, it would be doubtful that Federal assistance
would be obtained for such a project. If Federal assistance could
not be obtained, it would be necessary for the State to pay 100 per
cent of the cost, both construction and right of way damage.

In view of the above, it is my recommendation that the project,
as described in House Bill No. 1906. be withdrawn from further
consideration.
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Edwards, Kelcey and Beck
CONSULTING ENGINEER

470 Atlantic Avenue, Boston 10, Ma

Commissioner, Massachusetts Department of Public Works,
100 Nashua Street, Boston, May 1, 1956.

Dear Commissioner; Pursuant to the terms of our agreement
with the Massachusetts Department of Public Works, we submit
herewith our Final Report on a Master Plan of Highways for the
Lowell-Lawrence-Haverhill Metropolitan Areas.

Traffic and engineering studies were made to determine the need
for construction of new freeways and highways and for the im-
provement of exisiting highways and streets in, around and be-
tween these cities of northeastern Massachusetts. The resulting
Master Plan of Highways for the region and for each city provides
for progressive development which will accommodate present and
anticipated traffic demands through the year 1980.

Functional plans presented in this report for regional highway
and city street improvements are based on the best information
and data now available. Changes in traffic, land use and other
conditions, and information developed by more detailed studies
may well result in adjustments when final designs and plans are
prepared.

We have appreciated and acknowledge the cordial cooperation
and valuable assistance which we have received from the Massa-
chusetts Department of Public Works and from other public and
private agencies. Careful consideration was given to earlier studies
made available to us by these organizations.

Respectfully submitted,

EDWARDS, KELCEY AND BECK.
GUY KELCEY.By
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In the course of work on this assignment, much useful information
has been supplied by public bodies other than the Massachusetts
Department of Public Works, which include:

U.S. Department of Commerce, Bureau of Public Roads
U.S. Department of Commerce, Bureau of the Census
U.S. Department of Interior, Geological Survey
U.S. Army, Corps of Engineers

Massachusetts Department of Commerci
Massachusetts Department of Taxation
Lowell Municipal Departments
Lawrence Municipal Departments
Haverhill Municipal Departments
Lowell Housing Authority
Lawrence Housing Authority
Civic Bodies of Neighboring Towns

and private organizations, which include:
Boston and Maine Railroad
Automobile Club of Merrimack Valley
New England Electric System

New England Telephone and Telegraph Company
Municipal Gas Companies
Tennessee Gas Transmission Company

The assistance of the officials and staffs of these and other organi-
zations is gratefully acknowledged.
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Summary and Conclusion
The studies of a Master Plan of Highways for the Lowell-

Lawrence-Haverhill Metropolitan Areas have encompassed three
principal considerations: (1) needs for new regional highways to
serve the three cities and surrounding areas, (2) needs for improve-
ments in the street systems of the three cities and (3) the demand,
supply and usage of parking facilities in the three central business
districts.

The principal sources of supporting information for the studies
have been the Northern Area Origin and Destination Survey,
counts of traffic on principal city streets and parking surveys in
each of the three cities, all of which were conducted by the Massa-
chusetts Department of Public Works, with the co-operation of
the U.S. Bureau of Public Roads, in 1954 and 1955.

Regional Highways

Traffic desire lines, which show major traffic flow demands, were
developed from the data obtained in the origin and destination
survey and examined in relation to the convenience and capacities
of existing and previously planned arterial highway facilities. It
was determined that a substantial northeast-southwest traffic desire
line running through the three cities was the only regional traffic
demand which will not be satisfactorily accommodated by existing
routes or proposed routes which have already been planned.

Studies were made of many possible routes and sections of routes
which fall generally along this northeast-southwest traffic demand
axis. These possible routes were compared on the bases of traffic
service, cost and right-of-way required. The recommended line, re-
ferred to as Route 110 Freeway, together with several freeway and
roadway connectors, will best complete the regional highway
system.

Estimates were made of traffic usage of Route 110 Freeway and
Connectors initially and in the year 1980 as a basis for functional
design and estimate of construction cost of the new routes. Recom-
mendations are made for a priority program of construction which
divides the new routes into sections in accordance with relative need.

City Street Improvements.

Traffic and physical conditions of the principal streets of the three
cities were examined in the field. Present and future traffic flows
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on these streets were determined, using the origin and destination
and traffic count data. Detailed analyses were made of these flows
to determine which streets and intersections would not accommo-
date expected traffic demands, and corrective measures were
planned.

The recommended street improvements are extensive. They in-
clude grade separation of intersections, construction of new streets,
reconstruction and widening of existing streets, channelization of
intersecting traffic, development of one-way traffic patterns and
restriction of parking.

The analysis of parking facilities within the central business
district of each of the three cities was primarily a visualization of
existing parking facilities, both curb and off-street, and a com-
parison of the supply with the usage and demand for these facilities.

It was then possible to determine for each city block whether the
demand for parking exceeds the supply. The results will enable
responsible city officials to determine specific locations for needed
additional facilities.

Conclusions.

It is apparent from these studies that there is a decided need for
the recommended Route 110 Freeway and Connectors and the city
street improvements to accommodate present and future traffic
demands in the Lowell-Lawrence-Haverhill Metropolitan Areas.
Without these new and improved roadway facilities, the region
cannot hope to achieve the full economic development being ex-
perienced by the Commonwealth and the nation as a whole.

Historical.

The region which includes Lowell, Lawrence and Haverhill con-
stitutes a satisfactory unit for the development of a logical plan for
regional highways which can be integrated with the over-all highway
program for the Commonwealth of Massachusetts. The three cities
lie along the Merrimack River, 25 to 35 miles northwest and north
from Boston. Each is an industrial city which reached the peak of
its population and economic well-being in the 1920’5. More recently,
each of these important cities has lost population, largely because of

Parking Analyses

Introduction'.
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decentralization movements into surrounding areas and industrial
relocations to other regions.

The Merrimack Region was settled early in the history of Massa-
chusetts, first settlements dating from 1633 to 1664. Growth of the
region was gradual for the first two hundred years, its economy
being based principally on agriculture and small industry. The
industrial revolution of the 19th century brought phenomenal
growth and heavy concentrations of population in sections which
are now the cities of Lowell, Lawrence and Haverhill.

The largest of the three cities, Lowell had a 1950 population of
over 97,000, with about 9,500 more in the surrounding urbanized
area. Originally the fishing village of Pawtucket Falls settled in
1655, Lowell was for many years part of Chelmsford. It was sepa-

rated and incorporated as a town in 1826.
The initial stimuli for industrialization were the Middlesex Canal,

completed in 1803 to form a transportation link between the Merri-
mack River and Boston, and the Pawtucket Canal, which by-passed
the Pawtucket Falls and provided water and power for industry.

A group headed by Francis Cabot Lowell, for whom the com-
munity was named, established numerous textile and other concerns
in the early 1800’s. Growth was so rapid that Lowell was chartered
as a city in 1836. Thousands of immigrants came from Europe and
Canada between 1820 and 1850 to work in the new mills. After the
Civil War and until the turn of the century, population and new
industrial activity again soared. In the 70-year period from 1830
to 1900, Lowell grew from a town of 6,500 people to a bustling city
of 95,000.

The cityreached its peak about 1924 with a population of 113,000,
supported primarily by the textile industry. Subsequently, obsolete
textile plants and equipment, adverse labor conditions compared
with other sections of the country and the chronic ills of the textile
industry in New England caused an economic and population
decline. Strong efforts to develop a diversified industrial base have
prevented a more serious retrogression and have reduced a dangerous
dependency on a single industry. Recent construction of new
industrial plants and planning for extensive redevelopment of
housing and industry, together with adequate accommodation for
street and highway transportation, should restore a healthy economy
in Lowell.

Lowell.
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Lawrence has a history similar to Lowell’s, although its initial
purt of growth occurred some 20 years later.
In 1845, the Essex Company was formed by a group of Boston

financiers to undertake an industrial development at Bod well’s
Falls, about ten miles down the Merrimack River from Lowell.
The new town, which was created from parts of Methuen and
Andover, was named for Abbott Lawrence, one of a prominent
family of Massachusetts mill owners and merchants. Within three
years, the Essex Company had completed the dam, constructed
canals along both sides of the river and erected a large number of
mills and other buildings.

By 1853, its astonishingly rapid growth had qualified Lawrence
to incorporate as a city and, for a time, the development of rival
Lowell was dampened. Population more than tripled between 1850
and 1870. Although still healthy, subsequent growth was more
moderate. Then, in the 1920’5, industry in Lawrence, which was
predominantly devoted to textiles and particularly to worsted cloth,
suffered declines in common with other cities of the region which
were dependent upon textiles.

From a peak of 94,000 in the early 1920’5, the population of Law-
rence dropped to about 81,000 in 1950. The growth of the surround-
ing urbanized area, with a 1950 population of about 32,000, accounts
for some of the population lost by the central city. Active municipal
and civic groups are undertaking the rejuvenation of Lawrence to
place it on a firm and diversified industrial base.

Originally Pentucket, Haverhill is the oldest, the largest in area
and the smallest in population of the three cities. It is about seven
miles northeast of Lawrence on the Merrimack River. Founded in
1640, it was named for Haverhill in Suffolk, England. In 1642, the
site was purchased from the Indians for 3 pounds, 10 shillings.
Three years later the settlement was incorporated as a town.

Early years were noted for several skirmishes with Indians, the
most memorable being the 1697 escape of Hannah Dustin from her
Indian captors, taking with her ten of their scalps.

The first industry in the town was tanning. Shoe manufacturing,
which began about 1795, remains the largest single industry. Ship-
building and shipping were important until 1811, when erection of
the Chain Bridge at Newburyport stopped these activities.

Lawrence.

Haverhill.
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Textiles, which became important in Haverhill toward the end
of the century, never dominated the local economy as in Lowell
and Lawrence.

Haverhill became a city in 1869, and in 1897 annexed the town of
Bradford on the south side of the Merrimack River. Bradford
Junior College, one of the oldest schools for girls in America, was
founded in 1803.

Like the other two cities, Haverhill has suffered an economic
decline in the past 30 years, and is now making strong efforts to
revitalize its industry and commerce. Population, which was at a
peak of 54,000 in the 1920’5, declined to about 47,000 in 1950.

Need for a Master Plan of Highways.
The Master Plan of Highways for the region which includes

Lowell, Lawrence and Haverhill is one of a series of studios under-
taken by the Massachusetts Department of Public Works to develop
forward-looking plans for each metropolitan area in the Common-
wealth. The objective is to develop in each area an adequate system
of urban and rural highways which will be integrated with the
statewide network of main arterial routes. This procedure will
insure co-ordination of carefully considered improvements which
will meet local, regional and statewide needs for highway transporta-
tion. Advance regional planning of highway improvements mini-
mizes costly errors which inevitably occur when individual routes
are improved without regard to their effect upon other routes and
the connecting street systems.

Adequate and well-planned highway improvements relieve exist-
ing traffic congestions, provide for normal future traffic increases
and encourage new movements of traffic. This last factor is highly
desirable in the Lowell-Lawrence-Haverhill area, which seeks to
share in the economic prosperity now enjoyed in increasing measure
by the rest of the Commonwealth and by tire country as a whole.

Lowell, Lawrence and Haverhill, with a combined populate n of
225,000, are the centers of a growing region with an over-all popula-
tion of 370,000. The economy and welfare of this region, its in-
dustry, communications, transportation and basic services are
dependent upon and come to a focus in these cities.

Effective rehabilitation of those cities requires a general improve-
ment of facilities for automotive transportation and relief from
intolerable traffic congestion in the highway and street I system.
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Better arterial highways will encourage regional vehicular travel
to and from the cities and aid the development of the nearby rural
areas. Improved highways and streets within the cities will further
the redevelopment of urban commercial and housing properties and
enhance the value of the cities as business and shopping centers of
the region.

Except during depression and war years, the rise in annual mileage
of motor vehicle usage has so closely paralleled the advancing
progress of national production that the interdependence of the two
has been clearly demonstrated. Thus the redevelopment of Lowell,
Lawrence and Haverhill is keyed to a comprehensive and carefully
co-ordinated system of highways and streets adequate to accommo-
date present and future traffic movements upon which the region’s
economic health and welfare so greativ depend.

Study Procedure

The Master Plan of Highways proposed by this study is based
on careful field observations and the collection and analvsis of

xtensive traffic, economic and physical data and information.
Recognizing that the Merrimack Valley Region will benefit

greatly from the stimulus which will be provided by new and im-
proved highways and that regional economic growth can be antici-
pated, recommendations in this report for expanded highway
capacity are reasonably liberal.

Collection of Traffic Information
The initial step in the development of the highway plan was the

collection of information with regard to present traffic movements
In 1954 the Department of Public Works, in conjunction with the
U.S. Bureau of Public Roads, conducted an origin and destination
survey of traffic movements throughout the area. Information was
gathered by questioning drivers of passenger cars and commercial
vehicles at carefully selected interviewing stations. Drivers were
asked to supply information as to their points of origin and destina-
tion. Data were tabulated on nearly 270,000 vehicular trips from
interviews at 53 stations.

In 1954 and 1955, the Department made hundreds of manual and
automatic counts of traffic movements throughout the region and
particularly within the centers of the three cities.
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The Northern Area Origin and Destination survey, was the key-
stone of these studies. Traffic desire lines, developed from these
data, were used to delineate volume and direction of traffic demand
for modern highway facilities within the region. Comparison of
present highway conditions and capacities with existing traffic
demands indicated the most desirable locations and measured the
need for the new or improved highways.

Certain portions of the regional highways recommended in this
report are justified on the basis that existing highway facilities are
inadequate for present-day highway volumes and speeds and cannot
readily be improved. Other sections of highways are recommended
because they complete the system of arterial routes and provide
needed connectors.

Having determined the locations and measured the extent of un-
satisfied traffic demand, various possible locations for new routes
were investigated to determine which would be most satisfactory.
Primary considerations in these determinations were:

(a) Traffic Service. Regional highways were located sufficiently
close to the lines of principal traffic desire to satisfy the demands
for present and future service. The highways were connected with
existing feeder roads which are, with some improvements, capable
of carrying present and future distributive movements of local
traffic.

(■b ) Topography. Highways and interchanges were planned in
locations where the topography permits compliance with the geo-
metric standards required by the Massachusetts Department of
Public Works and the American Association of State Highway
Officials, and acceptable to the U.S. Bureau of Public Roads. Ex-
tremes of permissible curvature and grade were avoided wherever
possible.

(c) Right-of-Way. —ln selecting locations for recommended
routes, improved property was avoided wherever possible to mini-
mize disruption of residential areas, businesses and industrial plants
and to preserve tax ratables. Plans of the different communities
for development of presently vacant land and for rehabilitation of
areas winch have deteriorated were closely studied and considered.

(d) Public Utilities. Locations and characteristics of gas,
water, sewage, electric and other utility lines and installations were
investigated and necessary adjustments were considered where
utilities could not be avoided.

Regional Highway Studies.
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(e) Costs. Construction and right-of-way costs for the arterial
routes and connections were estimated. Consistent with the satis-
factory solution of present and future traffic demands and physical
requirements, cost was a major determinant in the selection of the
recommended routes.

The locations having been determined, functional designs were
prepared for new regional highways and connectors. Determina-
tions were made of the numbers of traffic lanes required to serve
traffic volumes expected through the year 1980. Functional layouts
were developed for each of the traffic interchanges.

The relative need for different portions of the regional highway
system was investigated to facilitate the development of a program
of stage construction.

Recognizing that improvement of in-city driving conditions is
fully as important as the provision of modern regional highways,
individual study was made of the principal streets within each city.

On the basis of the numerous traffic counts made in the three cities
by the Massachusetts Department of Public Works during 1954
and 1955 and the origin and destination survey data, analysis were
made of the travel conditions on major streets, both now and as
expected in 1980. Consideration was given to changes in traffic
volumes anticipated with the completion of the recommended
regional highway system. Using these data, functional plans of
needed city street improvements and adjustments were developed.

Measures adopted included the provision of new urban freeways,
expressways and streets, grade separation of streets from other
streets and railroads, widening of existing streets, channelization
and signalization of intersections, altering traffic patterns by “onc-
waying” streets and restricting parking.

Numerous earlier studies of regional highways and city streets
in the Lowell-Lawrence-Haverhill area made by the Department of
Public Works, other Commonwealth agencies and the cities and
towns concerned were carefully considered. Many of these studies
recommended excellent plans which reflect thorough investigations
and experienced judgment. As so often happens, however, when a
preliminary study is not carried to the design and construction

Street Improvement Studies.

Earlier Studies.
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stages promptly, some of the earlier studies have been made obsolete
by changes in land use and other conditions.

In the studies covered by this report, full use was made of the
recently gathered traffic information, most of which was not avail-
able when earlier studies were made. The recommended improve-
ments combine useful elements of earlier studies with new ideas to
produce an overall plan which satisfies present and expected re-
gional highway and city street needs in the Lowell-Lawrence-
Haverhill area.

Parking Surveys
From information gathered in the parking surveys of the down-

town areas of Lowell, Lawrence and Haverhill conducted by the
Massachusetts Department of Public Works in conjunction with
the Bureau of Public Roads, during 1954, maps were prepared to
show the demand, usage and supply of parking facilities. These
illustrations, which considered both curb and off-street parking,
indicate the individual city blocks where additional parking spaces
are needed. Using this information as a guide, the officials and
business leaders of the three cities may select specific sites suitable
for development as municipal and privately-owned parking areas.

HighwayRegiona

Traffic Desire Lines
As a first step in the studies of needs for new and improved re-

gional highways, the data contained in the 1954 Northern Area
Origin and Destination Survey were analyzed to develop the traffic
desire lines. Figure 2 depicts the 1954 average weekday traffic
traveling from each zone to each other zone as a straight line be-
tween the two. The widths of the lines are drawn to scale to repre-
sent the average weekday volume

All zone combinations which 1
of the movements

average weekday volumes of
less than 100 movements have been disregarded, since these smaller
volumes would have no appreciable effect upon the orientation of
the principal traffic movements as delineated by the major desire
lines. For clarity, the remaining desire lines are divided into two
groups those with traffic of 100 to 1,000 trips per day and those
with traffic over 1,000 per day. The lines which exceed 1,000 trips
per day are plotted on a transparent overlay' of Figure 2.

Examination of this illustration discloses the more common lines
of travel along or near which most of the individual desire lines lie.
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A composite of these lesser lines of similar orientation formed the
Major Desire Lines (Figure 3), which establish and measure the
pattern of traffic demand. Thus, the width of each segment of
these major flow lines measures the volumes of combined traffic
which would use suitable highway facilities, if available.

As would be expected, the cities of Lowell, Lawrence and Haver-
hill are the focal points for highway movements within the region.
Since the majority of trips have origin or destination or both in
these cities, new regional highways should be adapted to accommo-
date these focal demands to best advantage.

Comparison of the major desire lines with existing and previously
planned arterial highways discloses the traffic demands for which
adequate facilities have not been anticipated or provided.

The composite desire line which extends southeast from Lowell
toward the Boston Metropolitan Area is now served principally by
Mass. Routes 3A and 38 and by U. S. Route 3, part of which is a
new highway (Figure 4). Improved service along this line will be
provided with the completion of new U. S. Route 3 between Route
128 and the Boston Area and between Route 4 and Tyngsborough
at the New Hampshire state line. This improvement has been
planned and is being executed by the Department of Public, Works.

The composite north-south desire fine which runs through Law-
rence will be served by the new Mass. Route 28, which, as planned
by the Department, will extend from the Boston Area (the Northern
Artery) to a junction with present Route 28 near the New Hamp-
shire border. Relocated Route 28 will generally parallel and be
west of present Route 28 and will pass west of Lawrence.

A relocated section of Mass. Route 113 has been planned by the
Department to connect relocated Route 28 at a point near the New
Hampshire line with present Route 113 at Marston Corners, thus
bypassing the center of Methuen.

For the more distant future, the Department has planned a new
Route 28 spur to connect Lowell with relocated Route 28 at a point
in the northeast corner of Wilmington. This new highway will
roughly parallel Route 38, but will have greatly superior design
characteristics.

The composite desire lines for travel between Haverhill and the
Boston Area are too light to justify economically the construction

Proposed Regional Highways.
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of a new direct route. This traffic will be served adequately by ex-
isting and planned routes which will also serve other cities and
towns. The Department of Public Works has plans to improve
Route 125 in the vicinity of Route 114 and in other locations and
to extend Route 125 from its present terminus in Andover south-
west to a connection with relocated Route 28 in Wilmington.

The principal remaining regional flow of traffic shown by the
posite desire lines extends on a northeast-southwest axis through

Lowell, Lawrence and Haverhill. At present, this traffic is served
by Routes 110, 113, 133 and other highways, all of which pass
through the urban centers of the region. Judged in terms of modern
standards of highway safety and capacity, these routes, which are
moderately satisfactory in some rural sections, are wholly inade-
quate in the more congested urban areas. Planning for a new
Route 110 Freeway along this axis and its integration with other
existing or proposed routes is the principal concern of the regional
highway portion of these studies

Figure 5 shows the composition of the 1954 average weekday
traffic flows which make up this northeast-southwest desire line
Shown are the volumes of traffic which travel between the citif
between each city and points beyond the limits of the area, and
through the area without stopping. All vehicular trips recorded in
the origin and destination survey which fall generally along this
northeast-southwest axis are included in this illustration.

The breakdown shows that vehicles with either origin or destina-
tion or both in one or more of the three cities represent the greater
portion of the traffic. Through traffic, however, while relatively
minor on average weekdays, is subject to substantial week-end in-

A.s a result, on some summer Sundays total traffic volumescrea,

are more than double those of an average weekday.
Figure 5 supports the conclusion that the new Route 110 should

be located to serve the central business districts of the three cities
as closely as topography, land use and cost items will allow. The
recommended location is the result of careful analysis of and com-
promise between these several factors

Traffic on Proposed Regional Highways
Figure 6 illustrates the 1954 and 1980 average weekday traffic

volumes assigned to the proposed regional highways. 1954 volumes
were assigned to this and to numerous other route systems investi-
gated in the process of determining the best location for recom-
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mended Route 110 Freeway and Connectors. Assignments also
were made to relocated Route 28 and to other routes and connectors
planned by the Department of Public Works.

Traffic assignments to various routes assumed the existence in
1954 of the proposed new and relocated routes in the study area,
as well as pertinent improvements in the Boston area and the ex-
tension of Route 110 Freeway from Chelmsford to Worcester. Each
trip recorded in the 1954 Northern Area Origin and Destination
Survey was considered individually and assigned to the proposed
routes in the proportion of probable use. The principal criterion
for assignment was the relative travel time via the proposed routes
and existing routes. Other criteria were travel distance and, to a
limited extent, intangibles such as convenience and driver prefer-
ence for expressway travel.

In no instance was more than 90 per cent of a potential trip
signed to the proposed routes, regardless of the advantages of

This was done recognizing that
survey sometimes neglect to men-

travel which could be realized
drivers interviewed in a traffic
tion intermediate stops which would require them to use existing
roads rather than superior expressways in travelling to their stated
ultimate destinations.

The 1954 assigned volumes served as a base for forecasts of
volumes which may be expected in 1980, the terminal date of the
study period. A separate growth factor was established for each
zone on the basis of expected population and vehicular registration
increases. The trips assigned to the routes were expanded indi-
vidually in proportion to the anticipated growth of the two terminal
zones. Sources of statistical information are listed in Appendix A.

Induced traffic, that which will be generated by the desirability
of the superior highway facilities, is included in the 1980 volumes
but not in the 1954 figures.

The 1980 volumes were used for determination of numbers of
traffic lanes required, for planning the functional layout of the
traffic interchanges and for studies of traffic demands on principal
streets -within the three cities.

Traffic volumes shown on the extreme ends of Route 110 Freeway
for both 1954 and 1980 are probably somewhat low, since these sec-
tions are partially beyond the bounds of the origin and destination
survey area.

The assignments for Route 110 Freeway include traffic moving
between Worcester and New Hampshire and points beyond both.
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This traffic, diverted from present travel via Mass. Routes 9 and 128
and U.S. Route 1, was determined by analyzing the Route 128
Origin and Destination Survey made by the Department in 1954.

Route 110 Freeway and Connector;

Locations of Recommended Highways.
The general locations of Route 110 Freeway and Connectors are

town on Figure 4. Figures 8 through 22 illustrate the routes in
ter detail, and maps in succeeding sections of this report show

how the routes will be integrated with the urban centers of Lowell,
Lawrence and Haverhill.

New Route 110 and all of the connectors except the Route 125
Connector are planned as freeways with full control of access and

;rade separations at all crossing streets and railroads.
Lowell Area.

At its southwesterly terminus, the proposed Route 110 Freeway
is planned to join present Route 110 about a mile west of Chelms-
ford Center. Running in a northeasterly direction, it passes to the
north of Chelmsford Center and thence south of, but reasonably
adjacent to, the more densely populated portion of Lowell.

The major composite traffic desire line for highway service into
Lowell from the south and southwest is not now accommodated
satisfactorily by Routes 110 (Chelmsford Street) and 3A (Gorham
Street). A new freeway spur, referred to as the Lowell Connector,
passing through the sparsely developed valley of River Meadow
Brook will provide the needed improvement. This connector will
interchange with both Routes 3 and proposed 110 and will ter-
minate in Lowell at Gorham Street. Several intermediate inter-
changes on the connector will distribute traffic over the city street
system. New and improved city streets will convey traffic from the
end of the connector into and around the central business district.

Travel eastward from Lowell on the south side of the Merrimack
River is now accommodated satisfactorily by Andover Street (Route
133) and, to a lesser degree, by Nesmith and Rogers Streets (Route
38). Andover Street, between its junction with Nesmith Street and
the Tewksbury line, is a four-lane roadway of relatively good align-
ment and grade. Since bordering property is mostly private dwell-
ings with driveways, there is little parking to interfere with the
street’s vehicular capacity. This portion of Andover Street has



1959.] HOUSE —No. 2732. 41

%

sufficient capacity to accommodate present and expected future
traffic volumes as part of the principal connection between down-
town Lowell and Route 110 Freeway to the east.

At the Lowell-Tewksbury border Route 133 becomes a two-lane
roadway, with reasonably satisfactory design characteristics. This
section will need to be widened to four lanes plus shoulders and will
serve as the outer link of the eastward Lowell connection to Route
110 Freeway.

The inner portion of Andover Street, between Nesmith Street and
the central business district, is inadequate as a link in the easterly
connector to Route 110 Freeway It requires improvement in a
manner described in the section on Lowell Street Improvements.

Beyond the interchange with Route 133, the recommended loca-
tion for Route 110 continues northeasterly through open portions
of Tewksbury and Andover. It interchanges with the proposed
relocated Route 28 and then passes closely along the Lawrence-
Andover border. East of present Route 28 (Main Street), it curves
to a more northerly direction and passes through the valley of the
Shawsheen River to a new crossing of the Merrimack River near
the Lawrence-North Andover line. Access to South Lawrence,
Andover and North Andover will be via Route 28 Freeway, Beacon
Street, South Broadway, Main Street, Union Street, South Union
Street, Winthrop Avenue, Massachusetts Avenue and Merrimack
Street.

This portion of new Route 110 serves the traffic shown by the
northeast-southwest desire line in the Lawrence area and also ac-
commodates some north-south traffic, particularly that which has
orign or destination in the eastern section of Lawrence.

On the north side of the river, Marston Street will need to be re-
constructed to accommodate traffic destined for the Lawrence cen-
tral business district. Improved Marston Street plus existing
feeder roads from relocated Route 28 will form the principal access
to portions of Lawrence on the north side of the river.

The new Merrimack River Bridge will have two highway decks;
the upper one for through traffic and the lower one for traffic which
will utilize either one or both of the adjacent traffic interchanges for
local distribution. This plan will provide needed local traffic serv-
ice between North Andover and areas of northern Lawrence.

North of the river, new Route 110 will continue northward for

Lawrence Area
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about one and one-half miles to cross Merrimack Street, Methuen
(present Route 110). A new freeway will be constructed between
this point and a point on Route 113 at Marston Corners. This
Route 113 Connector, together with the Route 113 relocation now
being constructed between relocated Route 28 and Marston Corners,
will complete a circumferential express highway system around
Lawrence and Methuen.

East of Lawrence, recommended Route 110 proceeds on a more
northeasterly bearing to pass through the northern part of Haver-
hill. This portion of Route 110 Freeway is exceptionally close to
the major northeast-southwest traffic desire line.

Between Lawrence and Llaverhill there will be two new crossings
of the Merrimack River, which makes a horseshoe bend in this area.
From a point between these two bridges, a new roadway will con-
nect Route 110 Freeway with present Route 125 in the Ward Hill
section of Haverhill. This Route 125 Connector will facilitate
access to Haverhill for traffic from Boston and other points to the
south. It also will accommodate through traffic on Route 125
which has no business in and would unduly congest downtown
Haverhill.

Access to the central business district of Haverhill will be pro-
vided via River Street, Broadway, Hilldale Avenue, Primrose Street,
North Avenue and Amesbury Road.

East of Haverhill, Route 110 Freeway continues on a more
easterly bearing through Merrimac and Amesbury to a junction
with Route 1 in Salisbury, near the New Llampshire line. This
portion of new Route 110 falls between the two major desire lines
in this section. Traffic destined for such points east of Route las
Newburyport and Salisbury will leave Route 110 Freeway in Ames-
bury and travel eastward via Macy Street and Mass. Route IA.

The recommended Route 110 extends from Chelmsford to
Salisbury on an alignment which generally follows the major
northeast-southwest traffic desire line. Exceptions are in locations
where existing highways are adequate, where conditions of topogra-
phy, property demolition and cost are prohibitive and where
moderate deviation from the major northeast-southwest desire line
provides needed service for other major traffic movements.

Haverhill Area.

Summation.
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Lane Requirements

The 1980 average weekday traffic volumes for recommended
Route 110 Freeway and Connectors were adapted for use in de-
termining the numbers of traffic lanes required in each of the
different portions of the system. The average daily volumes were
estimated by adjusting the weekday volumes to include the effects
of weekend travel. The design hour was determined as 15.5% of
the average daily volume, and the peak directional volume was taken
as two-thirds of the two-directional, design hour volume.

Design hour capacities for multi-lane, divided freeways, in terms
of vehicles per lane per hour, were set at 1,000 in rural areas, 1,200
in suburban sections and 1,500 in urban sections. Two-lane road-
ways were allowed a total of 1,000 vehicles per hour.

Numbers of lanes were allocated to provide sufficient capacity
through the year 1980. Consideration was given to interim con-
struction of less than the ultimately required numbers of lanes in
the very few sections where traffic volumes would permit. The
idea was abandoned because of the difficulties anticipated in widen-
ing a traveled roadway and because of questionable economies.

Construction of Route 110 Freeway and Connectors will provide
traffic lanes in the different sections as follows:

(b) Route 110 Freeway between present Route 110 east of
project and present Route 110 east of Chelmsford Center 4 lanes.

(5) Route 110 Freeway between present Route 110 and east of
Chelmsford Center and the Lowell Connector 6 lanes.

(c) Lowell Connector between Route 3 and Route 110 Freeway
4 lanes.

(d) Lowell Connector between Route 110 Freeway and Gorham
Street, Lowell 6 lanes.

(e) Route 110 Freeway between the Lowell Connector and
Route 133 in Tewksbury 4 lanes.

(/) Route 110 Freeway between Route 133, Tewksbury, and
Union Street, Andover 6 lanes.

(g) Route 110 Freeway between Union Street, Andover, and
Merrimack Street, Lawrence 8 lanes.

(h) Merrimack River Bridge, Lawrence 12 lanes; 6 local lanes
on the lower deck and 6 express lanes for through traffic on the
upper deck.

(i) Route 110 Freeway between Marston Street interchange,
Lawrence, and Broadway, Haverhill 6 lanes.
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(j) Route 113 Connector, between Route 110 Freeway and re-
located Route 113, Methuen 4 lanes.

(k) Route 125 Connector, between Route 110 Freeway and
Route 125 (Oxford Avenue), Haverhill 2 lanes.

(I) Route 110 Freeway between Broadway and Amesbury Road,
Flaverhill 4 lanes (extra truck lane eastbound between Primrose
Street and Amesbury Road).

(to) Route 110 Freeway between Amesbury Road, Haverhill, and
Macy Street, Amesbury 6 lanes.

(n) Route 110 Freeway between Macy Street, Amesbury, and
the eastern terminus at Route 1, Salisbury 4 lanes.

Functional Design.

Preliminary plan and profile drawings have been prepared for
recommended Route 110 Freeway and Connectors (Figures 8-22).
This functional design was necessary to insure the physical feasi-
bility of the selected route locations and interchange layouts and to
provide a basis for estimating construction and right-of-way costs.

Geometric design criteria used for the functional design were
those of the American Association of State Highway Officials, as
modified by the Massachusetts Department of Public Works.
Design speeds were taken as 60 miles per hour for rural areas and
50 miles per hour for urban areas.

The page opposite each plan and profile drawing contains dia-
grammatic layouts of the appropriate traffic interchanges with 1954
and 1980 average weekday traffic volumes for each turning move-
ment.

Estimated Costs.
Costs of construction and right-of-way have been estimated for

recommended Route 110 Freeway and Connectors. Included are
costs of necessary alterations of existing highways and streets as a
consequence of these regional highway improvements. Costs of en-
gineering and property acquisition negotiations are not included.

Construction costs were determined by applying current unit
prices to the estimated quantities of different items of work. In-
cluded are demolition, site clearing, grading, paving, structures,
utility relocations, drainage, guard rail, lighting, landscaping, main-

Construction Costs.
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tenance of traffic and miscellaneous items. A ten per cent con-
tingency factor has been applied to these costs to allow for route
location adjustments, possible unit price increases and other
indeterminates

Right-of-way costs were principally determined through held
appraisals and comparisons with recent sale prices of similar proper-
ties in the area. In some instances adjustment factors were applied
to the assessed valuations of individual properties to estimate tlte the

real value. Unimproved land was classified as to forest, pasture or
crop use and estimated on an acreage basis. No contingency
factor has been added to right-of-way cost

Route 110 Freeway and Connectors.

w
c

Route 110 Freeway 33.9 $70,670,000 $6,230,000 $76,900,000
30.000 800,000 10,300,00C

Route 113 Connector 1.6 1,670,000 130,000 1,800,000

Route 125 Connector 1,4 860,000 40,000 900,000

Total 40.4 $82,700,000 $7,200,000 $89,900,000

ii

Ihe component sections of Route 110 Freeway and Conmi

n arranged into a 14-stage program of construction
(Figure 23) and the estimated costs divided accordingly. Provisions
have been made so that more urgently needed sections may be
completed first and so that there will be a reasonably equitable
distribution of traffic service among the three cities as stage con-
struction progresses. The stages have been planned so that each
will be usable in the interim before connecting sections are con-
structed.

Ihe individual stages vary in estimated cost from $2,400,000 to
$14,000,000. Although no attempt has been made to apply a time
schedule to the complete program or to the individual stages, it may

Right-of-Way Costs.

ESTIMATED COSTS.

Prociram of C
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be expected that construction of the more costly stages will require
longer periods of time than the less expensive ones.expensive one

4. listing of the stages and their respective costs follows
DESCRIPTIO. ESTIMATED COSTS.

1. Lowell Connector, between Route 3 and Gorham
Street, Lowell 10,300,000
Route 110 Freeway between Union Street, An-
dover, and the Marston Street interchange, Law-
rence, including the lower deck of Merrimack
River brid 14,000,000

3. Route 110 Freeway between River Street, Haver-
hill, and Amesbury Road, Haverhill

4. Route 110 Freeway between present Route 110
6,900,000

Chelmsford Center and the Lowell Con-
5,800,000;ctc

Route 110 Freeway between Marston Street in-
terchange, Lawrence, and Merrimack Street,
Methuen, including the upper deck of the Merri-
mack River bridge in Lawrence ,200,000
Route 113 Connector, between Route 110 I

located Route 113, Methu 1,800,000 7.000,000

Route 110 Freeway between Route
and River Street, Haverhill, include

5 Conne
Merrimacl

2,900,000
Route 125 Connector, between Route 110Freewav
and Route 125 (Oxford Avenue), Haverhill 3,800,000900,000

Route 110 Freeway between Route 28 Freeway
and Union Street, Andover 5,800.000

8. Route 110 Freewav between Route 133, Tewk
bury, and Route 28 Freeway, Andover, including
widening of Route 133 between Route 110 Free-

3,000,000way and Lowell city

Route 110Freeway betweenLowell Connector and
Route 133, Tewksbury 8,400,000

10. Route 110 Freeway between Merrimack Street,
Methuen, and the Route 125 Connector, Haver-

4,500,000hill, including Merrimack River bridge
11. Route 110 Freeway between western terminus of

project and present Route 110 east of Chelmsford
Center

2,400,000

12. Route 110 Freeway between Amesbury Road,
Haverhill, and Middle Road, at the Merrimac-
Amesbury town line 0,800,000
1 Included are construction costs with 10 per cent continge :osts.



1959.] No. 2732.HOUSE 47

13. Route 110 Freeway between Middle Road at the
Merrimac-Amesbury town line and Macy Street,
Amesbury *6,200,000

14. Route 110 Freeway between Macy Street, Ames-
bury, and the eastern terminus at Route 1, Salis-
bury 3,000,000

*89,900,000Total

City Street Improvements Generai
•live

One phase of the study to develop a master plan for highways in
the Lowell-Lawrence-Haverhill metropolitan areas has been to in-
vestigate what steps should be undertaken by these three cities to
anticipate new patterns of traffic flow which will result when tin
major highways are in operation. The objectives are tc
mend measures which will reduce congestion and insure maximum
free flow of increased volumes of traffic which will develop p
sively in the three cities during the next 25 years. Since severe
congestion already exists on many city streets, any of the recom-
mended improvements that can be made in the early future will
helpful in solving existing problem

In the following sections, such expressions as “will be rebuilt”
assume that improvements recommended will be undertaken.
References to conditions which may be expected in 1980, the time

present traffic estimates, should not be taken to imply
mmended street improvements should be delayed until

then. These improvements should be initiated soon and progres
advantage of present as well as ofI to the

future benefi

Traffic Flou.Prc ]954

street improvements, the initial
I of present conditions in Lowell,

In the studies of needed city
step was an inventory and apprai
Lawrence and Haverhill. The 1954 Northern Area Origin and
Destination Survey, together with the numerous traffic counts
taken on city streets during 1954 and 1955, were basic to this in-
vestigation.

Each trip recorded in the 1954 origin and destination survey was
considered individually and assigned to the most logical city street

Ohj
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routes. The assigned volumes were then cross-checked with the
traffic counts recorded on each street and adjusted accordingly.

Illustrations in following sections show the 1954 average weekday
traffic flows on streets in each of the three city areas with details of
the central business districts. Distinction is made between external
traffic and traffic which has origin and destination within the city

: transparent overlays on some of these illustrations show the
■e and general distribution of traffic flows which now pass

through the external cordon stations, 1 with no reference to which
city streets are used. These flows are divided between vehicles which
pass through the city without stopping and those which have origin
or destination within the city. Wholly local traffic, which has both
origin and destination within the city, is not represented in this

expected on the streets of the three cities in 1980. Estimates of

districts of the three cities. Transparent overlay sheets show the
in-city distribution and magnitude of 1980 traffic flows which will
pass through the external cordon stations

Traffic flows over city streets wr ere determined first on the as-
sumption that there will be no new regional highways or city street

1 External stations are selectedpoints along majorstreets andhighways on the outskirts of cities at which
trafficorigin and destination information was collected.

future traffic volumes were based on expected increases of population
. motor vehicle registration, reduced number of persons per
icle and trends of motor fuel consumption. Sources of statistical

nformation are listed in Appendix A. Each trip from the origin
s included in the 1954 street flows
pected growth of its two terminal

and destination survey which w
was increased according to the t
zones. Induced traffic result from new regional highways is
included.

Illustrations in the followin ctions show 1980 average weekday
i details of the central businessn principal streets, with
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improvements. Then, assuming the new regional highways and
connectors to exist, analysis was made of the changes in the traffic
flow on each major city street- In many instances, it was found that
the new regional highways and connectors will redistribute enough
traffic to relieve present congestion on overloaded city streets, which
will then be adequate for remaining traffic volumes. Conversely
flows on certain other city streets will be increased, and provision
must be made to accommodate the greater traffic loadings.

The preparation of plans for needed city street improvement
1 on the requirements of 1980 traffic loadings and di,W£

hich may be expected when the regional highway systemtn
pleted. If undertaken in the interval, most of the

improvements would greatly benefit present traffic
Ihe final conditions shown on the traffic flow maps are the

imated 1980 traffic flows on the city streets after both regional
highway and city street improvements have been made. Compared
with 1980 traffic flows with no improvements, these charts show nc
changes in street flows caused by the reconstruction work. Cit
itreets and intersections will have sufficient capacities to accon

xpected traffic flows if recommended improvements arc
completed.

Nature of Improvements.
Congested traffic conditions are obvious from casual observations,

but the causes of the tie-ups are not often so apparent. An other-
wise adequate intersection may be congested because of traffic
back-up from an adjacent intersection or the interference of a single
turning movement. Traffic flow and distribution charts together
with a knowledge of the vehicular capacities of streets and inter-
sections provide a reliable base for comprehensive planning ofsections provide a reliable ba
needed improvements.

Notice was taken in the three cities of traffic flows which follow
somewhat indirect lines of travel because of rivers, canals, railroads,
steep hills and concentrations of industrial buildings. The rela-
tively few crossings of these barriers are points of concentrated and
congested traffic. Curative measures require special treatment of
the present crossings of the barriers and, in some instances, provision
of new ones.

Partially as a result of these topographic barriers, Lowell and
Haverhill, particularly, have irregular street patterns. These
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variations from a rectangular block plan cause difficulty where
multi-comer street intersections, short blocks and non-continuous
streets create inefficient traffic flows. .

Corrective measures are often as simple as installation of traffic
signals, channelization of intersecting traffic flows, creation and
extension of one-way street patterns, restriction of parking or
moderate widening of roadway pavements. In other instances,
more drastic revisions such as adjustment of offset streets, and
construction of new streets, grade separations and water crossings
become essential. These measures are more costly and result in
some destruction of improved property.

They are necessary, however, to insure the needed fluidity of
in-city traffic. They will be needed even more in the future to
insure that increased volumes of traffic are accommodated with
minimum congestion. The street improvements illustrated and
described in the following sections are premised on needs in the
year 1980. Most of the work, however, should be carried out as
loon as possible to correct present congested traffic condition.

Illustrations in the following s
street improvements. Appendix C
these and other improvements and
parking restrictions will be needed
ing restrictions, too voluminous 1

actions show the principal city
lists detailed information about
indicates the intersections where

Information about other park-
;> be included herein, has been

submitted separately.

Lowell Street Improvement

Traffic Loadings

Figures 25 and 26 show the 1954 traffic flow on principal streets
in the Lowell central business district and the surrounding area.
Distinction is made between traffic which has either origin, destina-
tion or both outside the Lowell area and that which has both origin
and destination within the area. As might be expected, the external
traffic becomes proportionally less toward the center of the city.

These illustrations indicate the locations of heavy traffic loadings,
a number of which are found on the periphery of the central business
district. The relatively few crossings of the water barriers surround-
ing the central district are forced to accommodate traffic flows from
a larger number of approach streets.

The transparent overlay on Figure 26 shows the pattern of dis-
tribution of all external traffic. The through traffic component,
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althoughly relatively small at present, is the element with the
greatest expected growth. Its increasing importance must bt
recognized in planning for future highway and street needs.

Figures 27 and 28 show the 1980 traffic flows on Lowell streets
both with and without the recommended regional highway and city
street improvements. The effects of the improvements are shown in
the net decrease or increase of tl
each street. Expected flows on

traffic flows on each portion of
new roadway facilities als<

how

Comparison of the overlay on Figure 28 with the one for Figure 26
tantial increase in external traffic, particularly the

raffle coni

Recommended Improvemer

lide, the Lowell streets andthe 1980 traffic flows a

ill be inad >ted and correctsuate w

A comprehensive plan of street and intersection
nnents was developed to alleviate the inadequacies disclosed
raffle studies. Figure 37 shows the general locations of these

improvements and their relation to the existing and proposed
Highways in the Lowell area. Figure 38 shows the principal
movements in the Lowell central area in greater detailn

The preceding illustrations, Figures 29 through 36, are enlarged
Additional factual data in.1 problem ai

thanges and i
tail 31'

tion to tf nprovements at other congest
ted in Appendix (

his principal, downtown section has been troublesome for many
her of months ago when portions
nd Prescott streets were made

Congestion was eased a r n

if Market, Merrimack, Centra
ne-way. Completely adequatt icommodations for present and

lin the limitations of the present,future traffic cannot be made w
r. The single crossings of th(irregular street pattern, howe

lerrimack and Concord riversPawtucket Canal and th
of two-way traffic on adjacentmake necessary the continuatio:

portions of Central, Merrimack and Bridge streets. These restric-
tive water crossings also cause unnecessary traffic movements
through Kearney Square.

Improvements will include a one-way extension of Lawrence
Street from its present terminus at Church Street northward across

Kearney Square
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the Concord River to connect with East Merrimack Street
(Figure 29). East Merrimack will then be made one-way westbound
into Kearney Square. Minor adjustments and elimination of park-
ing will permit Canal Street to be made one-way northbound for
traffic destined for the Bridge Street Bridge. This will afford a new
channel for traffic which has no purpose in Kearney Square.

Similarly, a new diagonal connection will carry bridge traffic
directly onto John Street to avoid the Square inreaching Merrimack
Street. John Street will then be extended as a one-way southbound

reet the two blocks to Market Street, across the Lower Paw
Canal to join Central Street oppc site Hurd Street. Hurd will be
made one-way eastbound and extended to meet Lawrence St
the Lawrence Street extension

Thus a complete, one-way loop will be created around Kearnc
Square to eliminate many throug novements and to allow sufficient

for vehicles which have I less in the Square are
Traffic eastbound from the Kc will pinev Square

the John Street extension to I rd Street, thence eithc
Merrimack or Church streets. T westbound rre

will travel Merrimack Str

In the absence of improveme Nets, the intersections of Nesmith
i Andover streets will be heavilvStreet with East Merrimack ai

verloaded by north-south and t-west traffi
portion or turning xnovemer

The solution here includes c
between the Hunt’s Falls Bridge

ion of a street
md High Street at Andover

This new street and High Street will be one-way southbound to
with Nesmith Street carrying one-way ncHo;:

traffic. Willow thbound to serve trafficre-w

from the bridge destined for points east on Andover Strc
plus lesser modifications such as channelizatio:hi

ment widening wall correct the difficulties at the twro Nesmitl
Street intersections

These streets are the principal traffic avenues south frc
central business district. Central Street and the John Strec t ex-

tension will function as a one-way pair as far south as Hurd Str

Nesmith Street Area

Gorham, Central and Lawrence Streets.
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This improvement in conjunction with the Lawrence Street ex
tension will satisfy demands as far south as Church Street.

Traffic continuing south toward Gallagher Square and the ad
jacent terminus of the new Lowell Connector will overload Gorhar
Street. Therefore, Lawrence Street will be widened and
and a new express street will connect Lawrence Street with th
Lowell Connector at Gorham (Figure 30).

1
tn

■cl
1C

Traffic congestion is often sev •e in this area becau
flows into and out from the station parking areas
Middlesex Street grade crossing of the Boston and Mali

id the heavy traffic volumes at the intersections of Thorndik
reet with Middlesex and Chelmsford-Appleton streets. The steepi

ade of Thorndike between these two intersections fu
tes the situation.

(factory solution of this rproblem will require
grade of Middlesex Street to pass over Thorndike Street and ti

,d, and lowering Thorndike to pass under Chelmsford-Apj
reels (Figures 24, 31 and 32). The Chelmsford

road should be replaced by a wider and stron

These improvements will requ
Maine passenger station and the
near the junction of the Bostoi
Railroad freight line.

of the Be lne rc

mgs, perhap:gJ

and Maine with the Ne

ude replacement of tiroven u

ntu nal and wk

inge with the Lowell (treet as far south as its inter
Corollary to this plan will th iment o

westbound and one-wa
streets. Church Street

iand Appleton streets as one-w
between Thorndike and Centr

stbound traffic from At Andover Street at the Concordc

River and westbound traffic will use a new connection from And
Street to Green Street, thence to Middlesex Street.

A westward extension of French Street to Dutton and Worthe
streets will include another crossing of the Merrimack cam
barrier, further to ease loadings on downtown streets. A one-wa
combination of Dutton and Worthen will be accomplished by e>

■n
al

Thorndike-Middlesex Street Area

Dutton and Worthen Streets
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tending Worthen from Broadway Street southwest to Fletcher
(Thorndike) Street. Improvements at the intersections with
Fletcher will accommodate the heavy traffic demands. The left
turn movement from Dutton into Fletcher to cross the canal is
particularly troublesome at present.

improvements will complete a second, outer loop which will
; travel between radiating arteries and the central area.

The Dutton-Worthen combination, Thorndike Street, the new
on of the Lowell Connector to Lawrence Street and the inner

loop around Kearney Square will be segments of this encircling
m of streets

ogram of construction outlined for Route 110 Freeway and
Connectors anticipates that the Lowell Connector will be completed

rlier than the portion of Route 110 Freeway east of
Route 3. In the interim, Route 110 traffic will continue to travel

110, north of the Merrimackthe city to present Rou
its will enable city streets to amimended improverRi\

mmodate this temporary load of through traffic without carrying
he central business distric

will enter from the southwest on the Lowell Connector
nection through to Rogers Street, thence to Nesmith

a new cut-through, and one-way northbound on Nesmith
110 via the Hunt’s Falls bridge. Reverse traffic will use
id from Hunt’s Falls bridge to High Street, thence oik

iound to Rogers Street.

pacity of the south approaches to these two bridges will be
te because of narrow and discontinuous streets and left-turn

Improvements, which include two one-wav streetinterfere!
imbinations, will correct this situation
Traffic from the Fletcher-Dutton Street intersection will
>rth on a one-way Suffolk Street to Moody, thence directly to the

Moody bridge, or to the Aiken bridge by continuing on Suffolk to
Perkins Street. Opposite direction traffic from Moody bridge will
utilize a new, two-block extension to reach present Adams Street
and proceed one-way southbound. Traffic from the Aiken bridge
will reach Adams Street via Aiken Street and a portion of the new
Adams Street extension. Traffic flow will be aided by adjusting the

Route 110 Traffic.

South Approaches to Moody and Aiken Street Bridges
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intersection of Aiken and Hall streets. Pawtucket Street will be
widened between Merrimack and Moody streets.

Travel to and from the Kearney Square area will be facilit
making Moody Street one-way westbound from Dutton
the Adams Street extension and Market Street one-way eastbound
from Adams to Dutton. Moody will remain two-way froi
Adams extension to the bridge. Present one-way operation of
Market and Merrimack streets between Dutton and the Ke
Square area will be continued.
North Approaches to Bridge Street, Aiken Street and Pawtucket

Falls Bridges.
Highway is limited inThe Veterans of Foreign Wars -

the bridgeheads of the Merrimacl
bridges and their direct north
capacity than these intersection
Wars Highway will accommodate
Street, Aiken Street and Pawtui
factory for the expected traffic log

River crossings. Similarl t

approach roadways hi
with the Veterans o

dgeThe intersections at the B:
ket Falls bridge
dings.

The Veterans of Foreign Wars Highway will be el
ver Bridge Street at the bridge approach (Figure 14)

Further needed relief will be provided by constructir
connection between the Hunt’s Falls bridge rotary ar

tinStreet at Tenth Street. This will dive
Route 38 traffic movem Xt-turn movements east

iwav to northboundthe Veterans of Foreign Wars I
ige Street to eastboundStreet and southbound on Br

Veterans of Foreign Wars Highway will be prohibited. II

nmodated via the rflicting movements will 1
new Route 38 connection

'O

Pawtucket Falls and AilThe north bridgeheads of the
bridges will gain sufficient tral dc capacity through wider

parations will not be n<
It

channelization so that grade
The northernmost span of t. Pawtucket Falls brid
widening on the east side to provide sufficient stor

intersection (Figure 35). T
oreign Wars Highway destine
11 first turn right onto a ran
;ht through the intersection b

iffvehicles waiting at the adjacent
westbound on the Veterans of I
cross the Aiken Street bridge w
Aiken Street, then proceed sirai

tc

bridge. This will remove the conflicting left-turn movemei
the intersection.
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Traffic on the Aiken Street bridge itself will be accommodated
satisfactorily only if the center lane of the three lanes is made revers-
ible and’ devoted to service of traffic in the peak commuting
direction

Better north-south traffic service through Lowell Highlands will
be provided by making a direct connection between School and
Powell streets in the block between Liberty and Shaw streets.

Branch Street will be paired with the adjacent portion of Middk
t into a one-way east-west combination.

Stevens Street will be extended to Industrial Avenue to imurov
to the Industrial Park and the Lowell Connector

justments will be made in Parker Street between Powell and
Chelmsford streets and at the Plain-Chelmsford Street intersection

.odate large volumes of traffic to and from the Lowello

Connector (Figur

lection of Westford and School streets will also needi

widened in the approaches toimprovement. Both streets will
Ie intersection to provide sufficient storage spar

Estin. ted Cost

Costs of construction and right-of-way have been estimated for
ie Lowell Street improvements on the same basis as costs for

Route 110 Freeway and Connector
,y street improvements have been divided into

practical, usable units. Becai of uncertainties as to the avail-
been made to program the order inability of funds, no attempt ha

ommended improven mid be constructed.

Estimate
Dbscbipti Costs.

ilChurch Street and EastExt of Lawrence Street betw n
Merrimack and Hurd streets. Widening and extension of Green
Street between Central and Church streets. Realignment of
Church Street between Gorham and George streets $ 700,000

Extension of John Street between Merrimack and Central streets 640,000
Connection between John and Bridge streets. Adjustment of Canal

Street at Merrimack Street 100,000
Connection between Hunt’s Falls bridge and High Street. Adjust-

ments at Nesmith-Andover intersection 210,000

Other Improvements.

Aiken Street Bridge.
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Estimated
Costs.Description,

Lawrence Street widening and connecting street between Lawrence
Street and Lowell Connector at Gorham Street $1,200,00C

Giade separation of Thorndike, Middlesex and Chelmsford-Appleton
streets. Widening of Middlesex Street between Mclntire Street
and Branch Street. Dutton-Fletcher-Adams-Worthen Street in-
fection channelization, including extension of Worthen Street
md reconstruction of Thorndike Street bridge over Pawtucket
■anal 3,230,000

Widening of Thorndike Street between Summer Street and Lowell
Connector 180,000

Extension of French Street to Dutton
ing Canal bridge

and Worthen streets, includ-
170,000
80,000Rogers Street-Nesmith Street Connect

Adams Street extension to Moody Str
Hall Street area. Widening of Paw

I mnro
ireet between M

mack and Moody street 300,000
treet and V.F.W. Highway
. Connection between Hu

paration and inter-
bridge and Bridge

it Tenth Street 1,680,000
60,000Aiken Street and V.F.W. Highway channe

Mammoth Road and V.F.W. Highway channelization. Wideni
Pawtucket Falls bridge 220,000

( -ion between School and Powell streets. Stevens Street
ion. Improvement of Chelmsford and Plain Street area
;tford and School Street intersect! i widening 390,000

Total $9,160,000

Parking URVEV

Ge X

ional hi particularly, the recom-recess ot

d city street improvements in providing for present and
nticipated future traffic flows within Lowell, Lawrence and Haver-

hill will hinge upon provision of adequate parking facilities. Lack
of a sufficient number of parking spaces causes drivers to “cruise
and double-park while waiting for spaces. These practices add to
the traffic load and reduce the capacities of the streets. Resnltlntrpacities of the streets. Resulting
congestion tends to nullify the effectiveness of costly highway and
street improvements and to discourage shoppers and others from
visiting the central business districts.
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i

Field Surveys.
an aid to the cities, the Department of Public Works hi con

junction with the Bureau of Public Roads, conducted extensiv
field surveys of parking in the central business districts of the thr
cities during 1954. Each business district was divided into
number of areas and further subdivided into individual blocks
Parkers within each block were interviewed as to points of origii
and destination and purpose of trip. The interviewers noted time
type of vehicle and the description of the parking facility used
Data were collected to cover the hours between 10.00 a.m. ar
6.00 p.m., on weekda

is a cross-check on the interviewing, simultaneous counts wei

Ide of vehicles entering and leaving the central business district
principal streets. A total of 14,000, 23,400 and 12,500 inter

lews were taken in Lowell, Lawrence and Haverhill, respectively.
In addition, an inventory was made of existing curb and off-

street parking spaces in each central business district

Visualization of Data.
It is beyond the scope of this M

full use of the extensive data co
That is a local function. As an {

officials, however, a visualization o
Figures 63 through 74. The invent

[aster Plan of Highways to ma
dlected in the parking survej

i aid to the responsible municipal
of the survey data is presented in
ntoried curb and off-street parking
of the central business districts.

1 the supply of parking facilities
isage of these facilities within each
)th for the eight-hour period from

spaces are shown on base ma{
Additional illustrations compa
with the demand for and actual
dock. Comparisons art

10.00 a.m. to 6.00 p.m. and for the peak hour. The space-hour un
has been used rather than the numbers of spaces because of var
bilitv me lim
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le traffic studies, which were fundamental in the development
ie Master Plan of Highways, drew upon many sources for
ml information. The principal basic data were;

orthem Area Origin and Destination Survey —1954, coi
'd by the Massachusetts Department of Public Works in con-
on with the Bureau of Public Roads. Information on 268,500

red at 53 external
Route 128 Origin and Destination Survey 1954, conducted

Massachusetts Department of Public Work
rking Survey in the downtown areas of Lowell

1 1954, conducted by the Massachusetts D<
lie Works in conjunction with the Bureau of Public Roads

n 50,000 trip mg on

ffic Counts in Intersections —■ 1954 and 1955, made manually
Massachusetts Department of Public Works at intersections

rou

iic Counts at Permanent
ounters by the Massachusetts Department

die Works on principal routes inside and outside of the thni

Population Forecasts to 1980, made by the Division of Resea
Massachusetts Department of Commei

Region 4 (Merrimackich of

Valley), the Boston Metropolitan Area and the Commonwealth c
T

Population Forecasts for nearby States and for the United Stat
a whole, obtained from the U.S. Department of Commerce ar

her sources.

Motor Vehicle Registrations for each city and town in M
isetts for the years 1945 through 1954, obtained from the aut

xcise tax records of the Massachusetts Department of Taxation.
Motor Vehicle Registration and motor fuel consumption for

lassachusetts, nearby States and the United States, obtained from
re U.S. Department of Commerce and other sources

Appendix A.

BASIC TRAFFIC DATA
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As an aid to the location and estimate of construction costs o:
Route 110 Freeway and Connectors, investigations were made of the
soils conditions along the routes. A limited number of auger borings
(about 20) were taken in representative areas to determine types oi
the soil and ground water conditions.

The routes encounter seven principal soil type
1 nPVjp orppf.psf. Ipno'flt nf f/hp rvrnnnciprl mi. The greatest length of the proposed routes, approximately

) per cent, lies in sands and gravels of varying coarseness. Geo-(

lly, these materials are kames, eskers and outwash dear
lorings in these materials were advanced as much as 8 f
ncountering ground water.

2. The second most abundar I type is ground moraine
m about 20 per cent of the ro Lhis is a glacial till or hard-

nd containing all soil sizein, generally tightly cer
clay to the coarse gravels. A oles of limited dej

ntered no ground w
ngth passes through swamp
•r peat over a stratum of sand

3. About 15 per cent of t
areas consisting oi 3 to 20 ieet oi
or sand and gravel. Water tabl ese areas varv ire

0 to 5 feet below the grou
4. Flood plains or riv(er terr 3 constitute the next me

tof the route length. Tportant soil type, about 10 per e
consists of silt and fine sand. I rings were advanced to 15

r was found. This is the materialthis material and no ground w
the proposed river crossing:encountered in the vicinity oi i

5. Located at the extreme a tern end of Route 110 Freewav
an area where beds of hard clay 10 to 20 feet thick occur immedi-
ately below the top soil. This information was obtained from old
county survey maps; the hard clay offered refusal to auger borings.
This material lies along 2 per cent of the route length.

6. In the vicinity of Portsmouth Road, Amesbury, bedrock out-
crop is found. This is a cut area and amounts to less than 1 per cent
of the line. In addition, because of their depth and the nature of

Appendix B.

SOILS INVESTIGATIONS.



1959.] HOUSE No. 2732. 61

the soil through which they pass, seven other cut areas along the
eastern half of the line may involve rock excavation.

7. Artificial fill, a loose heterogeneous mass, occurs along a small
portion of the routes, particularly along the Lowell Connector.

In summary, the routes pass through long unbroken stretches of
sand and gravel, till and river terraces. Swamp areas, except near
Route 3, are sporadic and of limited length. Clay and bedrock
outcrops do not occur generally along the line. All bedrock in the
area is hard and should be suitable for structural foundations.
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Way Northbound

d St.-C

ay Northbound
Way Northbou

Eastbou:

it

Westboui

Wid: Parking Restrictio:
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Widen to. i Length, Length

John St North
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Both 100 ft. One Way Sou
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Fig.

Merrimack St
Merrimack St

To Central St
West ft

Central St.
Central St.
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Both To Hurd St
To Church St Way NOni

South Detail A To Appleton St
reen St To C. Prc
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Way WeMiddlesex St Wesi
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Gorham St.
Appleton St
Appleton St
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Detail ASouth
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West
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150 ft E
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Hurd St.
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Both To Market St On Wa-
i Detail A
Fig. 29 To Lawr

John St. Ext West To Merrimack Pr iposed
W in

Lawrence St. Ext. North Both To E. Merrimai Prop
W

Lawrence St.—N.B
Church St.

? Detail A
Fig. 29

To Gorham St Om
East
West

150 ft
Church St To Lawrence St ■S.B

Lawrence St. Ext. North Both To Hurd St Proposed

W
Lawrence St.—S.B. Sout
Church St. East

To Oorha; One W
To Lawrence St.—N.B. “ “ EastboundfiN.B

Church St. Wes' 120 f:

Central St Both To Market
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W
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Appendix C.

LOG OF INTERSECTION
IMPROVEMENTS LOWELL AREA.
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LOG OF INTERSECTION
IMPROVEMENTS LOWELL AREA Continued.

High
High
Ando’
Ando’ West To Concord River
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Northbound

�
uthbound

d

Westbound

ii

Nesmith St. North
Nesmith St. Soutt

East Merrimack St. East
East Merrimack St. Wes'

High St. C

High St. Connectoi

East Merrimack St. Ea
East Merrimack St. We

School St
School St
Pawtucket St
Pawtucket St

Prop

IMPROVEMENTS LOWELL AREA Concluded
LOG OF INTERSECTION

Textile Ave. Nort
Moody St. Sout]

V.F.W. Highway East
V.E.W. Highway West

V.F.W. Highway East
V.F.W. Highway West

Entire Length
Both To Pawtucket St

Entire Length
Entire Length

ftBoth

Entire Length

Gorham St. North
Gorham St. South
Lowell Conn. Ext. East
Lowell Connector West

To Church St
Entire Length
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Union St
Union St
Canal St.
Canal St,

Union St
Union St
Essex St.

Relot

Prospect S
Marston S'
Canal St.

Canal St
Water St

Broadway
Troadway
* sex St.

;sex St

und

ibound

IMPROVEMENTS LAWRENCE AREA

WIDENIN Parking Res'
Intersecting AnnrnaohStreets. Approacfl

Widen Length. Sid'

Both To Garden St
To Merrimack It

ToProspect Si Dne Way EastboundIt
To Lawr It

Both To Garden St
To Canal St

100 ft

Haverhill St,
Haverhill St,
Haverhill St,

One Way Westbound
i Detail H
Fig. 45

Both To Jackson Si

East To Prospect St P

Prospect St. North Both 150 ft
Prospect St. South See Detail H “ To Gai
Haverhill St. Fig. 45

Relocate West To Haverhill Prit

Amesbury North Both >

Casey Bridi South To Merrimack
Canal St. East See Det Eastbound? Detail J

Fig. 46
180 ft

Canal St. West 180 ft
Lawrence St. Conn. North Entire Ler

Way Northbound

•king on RampBoth To Gard'} Detail K
Fig. 47

North
East

One WW

Prospect St North ;h To Haverhill
Relocation

it

3 Detail K
Fig. 47Prospect St

Garden St.
nth To Ma

West WestboundUnion St C

Broadway North 58 ft. 160 ft. Both 160 ft
Broadway South i 58 ft. To Parking “ To Merrimack

Lot Ent
East ! - - One 120 ft
West 40 ft 120 ft. Bot 120 ft

BothNorth
South
East

0 ft
0 ft

West

LOG OF INTERSECTION

Dne Way Eastbound

See Detail G

> Detail G
Fig. 44

Fig. 44

East
West












